The objective of this study was to evaluate 'Smoothee Golden Delicious' apples, using backscattering images as a nondestructive method to estimate some quality parameters during the ripening process of fruit.
INTRODUCTION
Fruit quality has been evolving throughout time. At present, fruit production and commercialization extend to deliver criteria to which the consumer imposes (Vallejo, 1990) . Setting the proper harvest date is not only useful in obtaining a better product, but also increases production. The main changes during ripening are color, flavour and texture. The quality indices most often used to determinate fruit quality are color, firmness and soluble solids content (SSC). Traditionally, firmness was determinated by the destructive method Magness-Taylor and refractometry respectively. The main advantages of these techniques are that they present a good correlation with the organoleptic characteristics of the fruit (López et al, 2000) , and their problem is they are destructive.
In recent years, non-destructive methods have been developed for estimating fruit parameters with the aim of replacing the destructive ones. The most practical and satisfactory techniques for the non destructive quality evaluation of agricultural products are the techniques obtained from optical spectrometry (Chen, 1996) Therefore, light scattering is expected to be useful in quantifying certain mechanical and textural properties of fruit, such us firmness (Lu and Peng, 2006 The objective of this work was to get the soluble solid content and firmness prediction for 'Smoothee Golden Delicious' apple, using monochromatic backscattering imaging. For this purpose, a laser light source providing three wavelenghts. Partial Least Square (PLS) regression was carried out and applied on a test-set to evaluate the performance of calibration models using average diameter of Feret corresponding at different levels of gray.
MATERIALS AND METHODS

Samples
The experiment was performed on the Apple cultivar 'Smoothee Golden Delicious', in an experimental orchard, in Zaragoza, Spain. Trees were planted in a 5x3 frame. Fertigation was performed by local drip. Samples were harvested every 15 days between May and October 2012. Backscattering images were taken and destructive methods were performed to determinate SSC and firmness.
Multispectral images
Multispectral images were obtained by a monochromatic camera CCD, (BASLER A310f (Germany) sensitive Vis-NIR (360-1000 nm)). The samples get ready in a device that allowed obtaining a backscattering area of 25 mm. The beam incident was 15º and the working distance from camera to sample was 14 cm. The image size was 782 x 582 pixels. The images were kept at room temperature 20ºC. The light source was a solid state laser diode (Power Technology) module, emitting at 670, 785 and 980 nm with an output power of 3 mW and 28.3 mW for, respectively. The large output power of the laser 980 nm is to compensate the loss of camera sensity in this spectral zone. These wavelengths were selected based on other studies (Peng et al, 2006; Qing et al, 2007) . Backscattering light from samples was kept by monochromatic images (Figure 1) where it was possible observe to the two zones. Each image was analyzed with Matrox 8.0 Software. The gray scale of light intensity is expressed as the integer, which ranged from dark (0) to white (255).
Texture
Firmness was measured as the resistance needed by the fruit pulp, to penetrate (by force) 10mm to the apple. The texture analyzer used (model TA.XT Plus Texture Analyzer, Texture Technologies (North American)) had a loading rate of 2mm/sec. Fruit skin was removed prior to taking values in the area measured. The texture analyzer was equipped with a load cell of 5 kgf.
Solid Soluble Content
After firmness measurements, juice was extracted and SSC was measured using a digital refractometer (Model ATAGO PR-101 Co., Tokyo, Japan).
Statistical treatment
Partial Least Square analysis (PLS)
PLS analysis is a regression method used often to construct prediction models of reference parameters taken from destructive methods. PLS allows the correlation between backscattering images with ripeness parameters. PLS has been used frequently in studies related to the prediction of quality indexes in various fruits and vegetable: avocados (Clark et al, 2003) , nectarines (Sánchez et al, 2011) and asparagus (Pérez et al, 2002) .
In this work, calibration models were developed to predict firmness and SST of intact apples. Cross-validation was used to avoid overfitting in the development of calibration models. Data management was performed using The Unscrambler X (CAMO) software.
Selection of samples for calibration and validation purposes is one of the critical steps when developing a calibration model. A random subdivision on calibration and validation data was performed, using a 2:1 ratio for calibration and validation respectively. A Principal Component Analysis (PCA) was performed to detect anomalous samples obtained from calibration models. The samples detected as anomalous were not included in the calibration groups.
Statistics used to select the best equations were: coefficient of determination for cross validation (R The best predictive models obtained were subsequently subjected to external validation. The effect of different settings on model performance was evaluated by comparing the root mean square error of prediction (RMSEP), coefficient of external validation (r 2 ), bias and standard error of prediction (SEP).
RESULTS AND DISCUSSIONS
PLS analysis constructed calibration models from destructive (SSC and firmness) and non-destructive measurements (backscattering images). Table 1 shows the number of samples for calibration, validation, mean values, standard deviation, range and coefficient of variation. The validation group range of validation is included in calibration, which demonstrates the group selection was made correctly. Table 2 and firmness. With these results it is deduced that it is possible to obtain a good predictions in apple for the first, because the time of sampling has been very wide. It is necessary to continue working to construct better calibration models.
CONCLUSIONS
This study has demonstrated the possibility to apply nondestructive technique for the analysis of backscattering images to destructive quality parameters in apple 'Smoothee Golden Delicious'.
In the future, it is necessary to construct prediction models which are more precise.
It should be noted that this proposed methodology could be applied to any variety of apple.
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